The combination of nanotechnology based on carbon nanotubes (NTs) [1, 2] and spintronics [3] is thought to be extremely promising for future technological innovations. Tsukagoshi et al. have demonstrated efficient spin injection from cobalt electrodes in NTs. [4] However, diffusion of magnetic atoms from the electrode into the NT results in an increase in uncontrollable spin flips due to the large spin-orbit interactions of ferromagnetic atoms. Since long spin relaxation times are needed, spin filters composed of atoms with small spin-orbit interactions are desirable. In this Letter, a spin filter composed entirely of carbon atoms, arranged as a semiconducting NT between two metallic NTs is proposed. Schottky barriers at the interfaces form a quantum well within the semiconducting NT, while the metallic NTs function as leads. [5, 6] When Coulomb interactions lift spin degeneracy in the quantum 1 well, resonant current becomes spin polarized. To the best of the Authors' knowledge, this is the first study into such resonant spin current. [7, 8] A possible method of constructing the NT junction is to allow open ends of (3m, 0) zigzag NT and (3m ± 1, 0) NT to react; the NTs then become connected by adjacent regions of 5 and 7 member carbon rings, while still maintaining an sp 2 network. [9, 10, 11, 12] This structure is referred to as the NT double junction (NTDJ). In order to examine spin current in such devices, zero bias conductance per spin is calculated for (9,0)- ( Using the unrestricted Hartree-Fock approximation, both the Hamiltonian H σ and the density matrix ρ σ are dependent on spin σ =↑, ↓, and can be expressed using the tightbinding approximation limited to the π orbitals as [14] 
where t i,j = −t < 0 when i and j are nearest neighbors, t i,j = 0 otherwise. NTDJ is divided into the two asymptotic 'lead' regions s, d, and a scattering region C, as shown in Figure   1 , with Hamiltonian matrix elements assigned to one of these regions. The lead regions are approximated as having a periodic structure based on the charges and Hamiltonian elements in the NT unit cells at the edges of region C, as indicated by rectangles in Fig.1 . 
R j is the image of r j . [15] The 'bare' Coulomb kernel without a gate is assumed to be [14] U(r) = 2.5t/ 1 + 16(r/a) 2 .
Voltages can be expressed in another way, The density matrix ρ is calculated from the retarded Green's function G, self energy
where f FD = 1/(exp(β(E − E F )) + 1) and k B T = 1/β = 0.01t. [16] To calculate zero bias
(1) and (3), H and ρ can be calculated selfconsistently for a givenṼ g . When self-consistency has been achieved, zero bias conductance for each spin dI σ /dV sd is calculated from [17] 
For small values of |Ṽ g |, motion of holes into (8,0) NT is suppressed by the band-gap, resulting in more positively charged (9,0) NT than (8,0) NT and inducing Schottky barriers. shown by dashed and solid lines, respectively. WhenṼ g = −2.14t, the spin polarization vanishes while the conductance peak appears. This peak is not due to ǫ ±,σ but comes from the level just under ǫ − denoted by ǫ ′ . ǫ ′ is shown by the solid line with crosses only whenṼ g < −2.14t. where i = ± is K corner point degeneracy. These can be represented as
where J, K, n i,σ and ǫ decreases due to an increase in spatial width of the quantum well, L − 2D. The net effect is an increase in W − J (i,j) resulting in a decrease in spin polarization. To examine spin polarization effects, total energy E tot is approximated by
Equation (6) is derived from
where the energy region −W/2 < E − ǫ i,σ < +W (n i,σ − 1/2) is occupied so that n i,σ changes at the energy E = ǫ i,σ + W (n i,σ − 1/2). 
When γ is assumed to be positive and nearly constant, level configuration depends on the sign of W − J (+,−) − (2γ/N 2 ). For a negative sign, holes are only injected into spin down levels, i.e., α min = 0. Otherwise holes are injected into both spin levels, i.e., α min = In addition to the lower limits of L under which spin polarization can occur, upper limits also exist. As L increases for fixed N, both thickness of the barrier D and quantum well width L − 2D increase. The former reduces W while the latter causes a decrease in the Coulomb integral J (i,j) . When J (i,j) is less than either W or k B T , spin polarization disappears. Because W decreases for larger L, k B T becomes a more important factor in determining the upper limit of L than it was for the lower limit. Figure 3 shows that at room temperature, the upper limit is in excess of 39a.
In this letter, it has been shown that the nanotube double junction (NTDJ) functions as a nano spin filter without the use of magnetic atoms. An infinitesimal magnetic field is necessary only to determine which spin becomes unoccupied first. Conditions for spin current are: (1) Fermi level is near the band gap edges at operating gate voltageṼ g ; (2) length of the semiconducting NT region, L, is larger than a particular threshold length. In fact, there are two threshold lengths, L 1 and L 2 . For L > L 2 , the direction of spin can be controlled byṼ g . For L 2 ≥ L > L 1 , however, spin polarization is limited to a single direction.
Furthermore there is no spin current when L 1 ≥ L. In the system studied, these thresholds 7 are L 1 = 4 and L 2 = 6. Although the Coulomb interaction U(r) of eq.(2) was chosen to be slightly smaller than estimated in Ref. [14] to achieve convergence of the self-consistent loop, the Author believes that the parameters used are realistic enough and results valid enough to prove that NTDJ is a useful device that combines nanotechnology and spintronics.
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